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EFFECTOFPHOSPHATECOATINGSON‘l?lMPERATUREOF

PARTSEXPOSEDTOFLAMEENVIRONMENTS

By GeorgeC.Frykmrg,I’JormanH.Katz,

Theeffectofphosphatecoatingsonthe

andSidneyL. Simon

temperatureofmetalspeci-
mensplacedina flamewasinvestigated.Sinceflamescontainlarge .
nuribersofatomsandradicalsthatreactonmetalsurfacesliberating
heat,itwasthoughtthata phosphatecoatingmightdecreasethetemper-
atureofthemetalby poisoningthesurfaceto thesereactions.

SmallcylindricalspecimensofmildsteelandS-816alloywere
placedina natural-gas. airflame.Formildsteel,uncoatedspecimens
attaineda temperatureof1900°F. Thistemperatureremainedconstant,
apparentlybecauseof lackof oxidationofthesteelby theflamegases.

. Phosphatespecimensattaineda temperaturenearly200°F lower.For
S-816alloy,uncoatedspecimensreacheda temperatureof1900°F, but
thetemperaturefelJ_to 1750°F, droppingrapidlyatfirstandthen
gradually.Thisdropwasapparentlydueto oxidationofthespecimens.
Phosphatespecimensattaineda temperateabout100°F lowerwhich
wasmaintainedevenafter300hoursintheflame.

A phosphatecoatingon S-816
tionofeitherhydrogenor oxygen
theoxidesurfaceformedonS-816
combinationsby a factorof2/3.
emittancemeasurements,indicates

alloyreducedthesurfacerecombina-
atomsby a factorof1/3. However,
alloyintheflsmereducedthesere-
Thisresult,alongwithetidencefrom
thatthetemperatureloweringsobtained

inthefl.smeby phosph&ingthesurfacearise~rimarilyfromt~ high
emittanceofthephosphatecoatingratherthanfroma poisoningaction.

Thephosphatecoatingsappeartohavea highemittance,closeto 1,
andit issuggestedthattheymighthaveanapplicationontheouter
surfaceofcombustorcans.

——-.—- . ..- .—. .—.-—-——. —--—-—-— ——- -.— -——--- .—.
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IN!I!RODUCTION

It isgenerallyacceptedthatflsmescontainlsrgenunibersofvery
activeparticles,suchas atms andfreeradicals(ref.1). Also,it
isknownthatthesurfacesofmostmetalsactas efficientcatalysts
fortherecombinationandreactionoftheseparticles(ref.2,pp.317-
321). Suchreactionsarehighlyexothermic,andsignificantquantities
ofheatmayth,usbe impartedtometalsexposedtoflameenvironments
(ref.1,p. 168).In jet-enginecomponentsthisheatingisundesirable.

Studiesofheterogeneouscatalysis(ref.2,pp.270-273)haveshown
thatcertainelements,suchas arsenic,phosphorous,andsulfur,poison
mostmetalsurfaceswhenpresentonthem,thatis,preventreactions
framoccurringonthemetalsurfaces.Consequently,itwasthought
thatphosphskingofmetalsurfacesexposedtoflameenvironmentsmight
effecta reductioninthetemperatureofthemetal.Phosphatecoatings
canbe producedby well-knownproceduresona productionbasis.In 1
addition,theysrestronglyadherentandrelativelystabletoheat.

Thepurposeofthisresearchwastwofold:first,to discoverif
phosphatecoatingofmetalsloweredthetemperatureofthemetalswhen
exposedto a flameenvironmentandsecond,if a temperatureluwering
wereeffected,to determinethemechanismofthelowering.Theresults y
arethereforepresentedintwoparts.

D~ON OFTEMPERATOREWWIZRING

coatings

TheeffectofphosphatecmtingsonSAE1020mildsteelandS-816
alloywasstudied.Themildsteelwascoatedtitha manganesephosphate
solutionusingtheoptimumconditionsreccmnnendedinreferences3 and4.
Thecoatingsconsistedofmixedsecond@ andtertiaryphosphatesof
ironandmanganese.Theyweresmoothinappecwanceanddarkgrayin
color.

CoatingoftheS-816alloy(20percentCr,20percentlJi,44percent
Co,4 percentMo,4 percentW, 4 percentNb,3 percentFe,and0.4per-
centC)wasnotpossiblewiththesolutionsusedformildsteel;there-
fore,ananodizingmethodwasdeveloped.Thespecimenswerecleanedin ‘
analkalicleanerandthenanodizedina verydilutesolutionofortho-
phosphoricacid(adjustedto a pH of2.0)usinga currentdensityof
150milliamperespersquareinch.A largecy3AnderofAISI347stainless
steelwasusedasthecathode.Coatingswereappliedwiththicknesses 7
up to 1.5nils. A chemicalanalysisofa typicalcoatingispresented
intable1. Iron,cobalt,andnickelwereprobablypresentashydrated ~
secondaryandtertiaryphosphates;chromium,asthehydratedtertismy
phosphate;andtungstenandmolybdenum,as oxides.

wam
al
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Thethicknessesofthecoatingswereobtainedby platingthecoat-
ingswithnickel,cross-sectioningandpolishing,andmeasuringwitha
microscope...Thecoatingsonmildsteelweredifficulttomeasurequan-
titativelyby thismethod,butthoseontheS-816alloycouldbe obtained
accurately.

ExperimentalArrangement

A nonluminous,natural-gas- forced-airflamewasemployedas a
flameenvironment.Figure1 isa photographofthespecimensmounted
in theflsme.Theburnerwasoftheflat-flametypeusedforbending
glasstubing.Thistypeburnergivesa flamehavinga constanttemper-
atureina horizontalplane.Thegasandairlineswerefittedwith
sensitivepressureregulators(thepressureregulatorontheairMne
hadnotbeeninstalledwhenphotographinfig.1 wastaken)thatmain-
taineda constantgas-airmixturewhenset. As a result,thetemperature
oftheflamecouldbe maintainedconstantwithinbetterthan&5°F dur-
inganexperimentandreproducedondifferentdayswiththesame
precision.

Theburnerwasoperatedwithexcessair. Undertheseconditions
hydroxylradicals(ref.1,pp.39-40)andoxygenatoms(ref.5)have
beenshowntobe presentintheouterconeofflamesofburninghydro-
carbons.In addition,largenunbersofhydrogenatomsmustalsobe
present(ref.6). Thespecimensweresituatedintheoutercone,just
abovetheinnercones.

Thespecimenswereintheformof smalJcylinders,0.250inchin
diameterand0.375inchlong,witha thermocouplehole,0.070inchin
diameterby 0.250inchdeep,drilledintooneendalongtheaxisofthe
cylinder.Thespecimensweresupportedon shortlengthsof small-
diameter(0.065in.]porcelainthermocouple-insulatingtubing.!l%e
smallertubeswerecementedintolargertubesthatwereclampedrigidly
toa heavyringstand.Thetemperaturesofthespecimenswereindicated
by small-diameter(0.010in.)platinum- platinum-rhodiun(U percent)
thermocouples.

Thespecimenswereplacedin theflametwoata time,onecoated
andoneuncoated;andthetemperatureofeachwasmeasuredwitha ther-
mocouplepotentiometer.Beforethespecimenswereplacedonthethermo-
couples,thepositionsofthethermocouplesintheflamewerecarefully
adjustedtogiveidenticaltemperatmes.Thevalidityoftheresults
wasfrequentlycheckedby exchangingspecimensonthethermocouples.r.
Thespecimenswereplacedfairlyfarapartintheflamesincepreliminary
measurementsindicatedtherewasconsiderableexchangeofradiantenergy
betweenspecimensplacedsideby side.

-. ----- —.— —...— ..—— .— —.——.— —
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Results

ResultsobtainedwithSAIZ1020mildsteelarepresentedinfigure ,,
2. Thetemperatureattainedintheflameisplottedagainstthetime
foranuncoatedspecimenandfortwophosphatespecimenswithdifferent
coatingthicknesses.Thesedataaretypicalofa largenumberof experi-
ments.SimilarresultswithS-816alloyarepresentedinfigure3; data
sregivenforan uncoatedspecimenandforseveralphosphatespecimens
withcoatingsofdifferentthickness.Alsothespectralemittancesare
givenalongsomeofthecues.

Infigure4 is showna crossplotofthetemperatureoftheS-816
alloyspecimensas a function.ofthethicknessofthephosphatecoating
after1 hourintheflame.SWlar curvesareobtainedforlonger
periodsoftimeintheflame.

It is evidentfromthedataoffigures2 to4 that,comparedwiththe
uncoatedspecimens,thephosphatecoatingeffectsasmuchasa 200°F
temperatureloweringinthecaseofthemildsteelandabouta 100°F
loweringfortheS-816sJloy(ifthecoatingisthickerthan0.4mil). ..

Experimentswereconductedto ascertainthepermanenceofthistem-
peraturelowering,andfigure5 showsthedifferenceintemperaturebe- ‘
tweenanuncoatedS-816alloyspecimensndanS-816alloyspecimenwith
a l-roil-thickphosphatecoating.Theexperimentwascontinuedforover
300hours,andtheuncoatedspecimenswerereplacedoccasionally.It
is evidentthatthetemperaturedifferenceismaintainedthroughoutthe
experiment.

Chemicalanalysesweremadeofthephosphatecoatingasformedand
afterexposureintheflameforperiodsup to 50hours.Theanalyses
indicatedthatthephosphorouseitherdidnotburnoutofthecoating
orburnedoutveryslowly.Exactinterpretationoftheanalysesisnot
possiblebecauseofconstitutionalchangesoccurringinthecoatingdur-
ingheatingandbecauseofincreasesinthicknessdueto oxidationof
themetalunderneath.

14EcmNIsMOFTEMPIimATumLOWERING

Foranexplanationoftheobservedtemperaturelowering,theways
inwhichheatmaybe gainedandlostby thespecimensintheflamemust
be considered.& theflameisnonluminous,heatisgainedprimarily
by forcedconvectionfromthehotgases.Someisgainedbyabsorption
oftheradiationemittedby thewaterandcarbondioxidemoleculesin n

thegas. Itmayalsobeassumedthatsomeheatisbeinggainedbysur-
facerecombinationandreaction,as discussedintheINTRODUCTION.Heat ,
islostalmostentirelyby radiationfromthesurfaceofthespecimens.
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Verylittleislostby conductionalongtheporcelainsupportandther-
mocouplewires,sincebothareof smalldiameterandextendthroughthe
flamea short,distanceaftercomingoutofthespecimens.Consequently,
thetemperatureofthespecimenscouldbeloweredonlybya poisoning
actionofthephosphorousupontheheterogeneousreactionsoccurringon
thes ecimensurfaceorby thephosphatecoatinghatinga greateremit-

?tance thanthecoatingformedon theuncoatedspecimenintheflame.
It isdesirableto determinetherelativeimportance
anisms. Theexperimentsdescribedsubsequentlywere
purpose.

MeasurementofSpectral13mlttances

ofthesetwomech-
performedforthis

Theimportanceoftheemittanceofthesurfacecouldbeascertained
by measuringthetotalemittancedirectly.However,suchmeasurements
requirecomplexanddelicateequipment.Ontheotherhand,thespectral
emittancecanbe measuredeasilywithcommercialequipment.Andsince
thespectralemittanceisroughlyproportionalto thetotalemittance,
spectralemittancesofvariousspecimensweremeasured.

Themeasurementsweremadeby placingthespecimensonthesane
thermocoupleatdifferenttimes.Thepositionofthisthermocouplein
theflamewaarigidlyfixedandmaintainedthroughoutallexperiments.
Thetemperatureoftheflsmewascheckedbeforeeachexperimentwitha
heavilyphosphatespecimenofS-816alloythathadbeenburnedinthe
flameseveralhours.Thetemperatureindicatedby thisspecimenwas
reproducibletok5°F overtheentireseriesofexperiments.

A LeedsandNorthrupopticalpyrometeremployingthe0.66-micron
bandintheredwasusedtomeasuretheapparentopticaltemperatureof
thespecimens.Thethermocoupletemperaturewasassumedtobe thetrue
temperatureofthespecimens,andthespectralemittancewascalculated
withtheequation(ref.8):

11 0.66KL0-4.-— =
T Ts 1.438 lnq

where T isthetruetemperature,Ts istheapparenttemperature
measuredwiththeopticalpyrometer,and isthespectralemittance.

‘i

%mittanceisusedthroughoutthisreportinpreferenceto emissiv-
ityin conformitywiththedefinitionsofreference7. Ea3.ssivityis
consideredas a propertyof thematerialandis appliedonlytoan opaque
bodyofthematerial.witha polishedsurface;emittanceisconsideredas
a propertyofa bodyratherthanthematerialcomposingit.

— . . —————. . ..—...— _ — —z — — -— — — -——. .—. — .-
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Actuallythereseemedtohe slightconductionofheatfromthe
flamealongtheporcelainsupportto thethermocouplejunctionsothat
thethermocoupleindicateda slightlyhightemperature.Consequently,
thecalculatedvaluesofspectralemittance~ areprobablylow.
Nevertheless,therelativevaluesofthespectralemittancesofthedif-
ferentsurfacesarein thecorrectorder,sincealJmeasurementswere
madewiththesamearrangement.

Resultswithmild-steelspecimens.- Resultsofthetemperatures
attainedintheflameasfunctionsoftimeforthreeuncoatedspecimens
withdifferentsurfacetreatmentsarepresentedinfigure6. Alsoshown
istheeffectofremovingtheflamefor5 minutesandthenreplacingit
(theintervalsoutoftheflamearedenotedby thedottedlines).The
spectralemittancesforthetierent surfacesaregivenalongthe
curves.

Thetemperaturesoftheuncoatedspecimens@mainedfairlyconstant
asdidthespectralemittances.Thisisprobablycausedbythepartial
pressureof oxygenintheflamebeingtoolowto oxidizethesteelto
anygreatextentinthepresenceofreducinggaseslikehydrogen,carbon
monotide,andsoforth.Comparisonofthespectralemittancesandthe
temperaturesofthesespecimens,andofthephosphatespecimensas
well(fig.2),leadsto theconclusionthatthehigherthespectral
emittanceofa specimen,theloweritstemperatureintheflame.

Thebehavioroftheuncoatedspecimensuponremovingtheflameand
replacingit corroboratesthisconclusion.Whentheflameisremoved,
thehotspecimenis oxidizedintheairwhilecooling;andtheemittance
increases.Uponreplacingthespecimenintheflamewiththishigher
emittance,thetemperatureattainedislower;infact,thetemperature
isaboutthessmeasthatofthephosphatespecimens.Afterabout30
minutesintheflamethisthinoxidelsyerisreduced,spotsoflower
emittancebeginto appear,andthetemperatureofthespecimenbegins
torise. Thevaluesofthespectralemittancessupportthisexplanation.

ResultswithS-816alloy.- Valuesofthespectralemittancefor
theuncoatedS-816alloyspecimenaftervariousperiodsoftimeinthe
flamearegiveninfi~e 3. Thespectralemittanceisnotconstant
aswiththemildsteel,butiricreaseswithtimeto a msximumvalue.
Concomitantly,thetemperaturedecreases,inharmonywiththeconclu-
sionthatthehighertheemittancethelowerthetemperature.Thein-
creasein spectralemittancewithtimeisprobablycausedby oxidation
ofthechromiuminthealloy(chromiumwillotidizeundera muchlower
partialpressureofoxygenthantilliron).Thisis supportedbythe
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fact
then

thatuponremovingthespecimenfromtheflamefor5
replacing,itreattainsthetemperatureit exhibited

minutesand
beforeremoval.

SpectralemittancesofthephosphateS-816specimenswereallin
‘thera-~e0.85to 0.90.Butnorela~ionbetweenspectralemittanceand
coatingthicknesswasevident,becauseat thesehighvaluestheemit-
tancebecomesmoresensitiveto inaccuraciesinthetemperaturereadings
andtheerroris comparabletotherangeofthevalues.

co
% Onewouldexpectthatthetotalemittancewouldincreaserapidly
m. atfirstwithincreasingcoatingthicknessandleveloffto a constant

value(ref.9}. If thetemperatureis determinedby thetotalemittance,
a plotoftemperatureagainstcoatingthicknessshouldreseniblethatof
figure4.

Ontheotherhand,ifthetemperatureloweringisa resultofsur-
facepoisoning,it shouldbe independentofcoatingthickness.Hence,
theseresultsalsoindicatethatthetemperatureloweringobservedarises
mainlyfromthephosphatesurfacehavinga greatertotalemittancethan
theuncoatedsurface.

ComparisonwithSurfacesofKnown

SpecimensweremadefromNimonic80and
wereroughenedby sandblastingandblackened

TotalEmittance

Inconel.Thesurfaces
by oxidationfor1/2hour

at21000-Ffor.Inconeland23000F forNimonic”80. Thetotale&.ttances
of surfacessotreatedhavebeenmeasured(refs.9 and10)andareclose
to 1. Itwasanticipatedthat,ifthetemperaturesofthesespecimens
intheflamewereconsiderablyhigherthanthephosphateS-816alloy,
thensomepoisoningactionmustbe involvedin thecaseofthephosphate
coating.

A specimencoatedwiththeNationalBureauof Standards(NBS)cer-
amiccoatingA-418wasalsoincluded.Thetotalemittanceofthissur-
facehasbeenmeasured(ref.10).

Themeasurementsweremadeemplo@mgthesameprocedure”usedto
measurethespectralemittances;namely,allspecimenswereplacedon
thesamethermocouple,flametemperaturewascheckedwithheavilyphos-
phate S-816specimen,andsoforth.

Thetemperaturesattainedby differentspecimensintheflamealong
withthevalueofthetotalemittanceoftheirsurfacearegivenin
tableII. Theresultspresentedareaveragesof severalspecimens,ex-

8
cet fortheNBScoating.Individualspecimensofanygiventypevaried
M F intheirtemperature.

.———.— ——— . —.. ———.- —.— .-—— --—— —
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Thedataindicatethesamerelationbetween
andtotalemittanceas didtheresultsdescribed
ofidizedNimonic80 attaineda temperatureabout
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specimentemperature
previously.Thepre-
thesameasthatof

*

thephosphatedS-816alloy.Thisresultindicatesthatthelowering
effectedby thephosphatecoatingcouldbe explainedby assuminga total
emittanceof 1 forthesurface.Sincethesurfaceofa specimenisboth
roughenedandblackenedby phosphating,thisassumptionisnotunlikely.

w
MeasurementofPoisoningEffectivenessofSurfaces %al

Ifheatisbeinggainedbymetalsurfacesexposedtoflsmesthrough
surfacereconibinationofatcms,thepoisoningeffectivenessofa coat-
ingforthehydrogen-andoxygen-atomreccnnbinationsshouldbe important
sincetheseatomsarethemostabundantinflames.To getsomeideaof
thepoisoningeffectivenessofthecoatings,specimensweretestedin
thegasstreamissuingfroma low-pressuredischargetubesimilarto
thatshowninfigure7 anddescribedinreference11. Whenmoisthydro-
genor oxygenat a pressureof0.5millimeterofmercuryis subjected
to sucha discharge,thegasissuingfromthedischargetubecontainsa
fairlyhighproportionofatoms,about5 to 10percent.Theseatoms
willrecombinereadilyonmetalsurfaces,heatingthemetal.Fortem-
peraturesbelowabout800°F, thetemperatureriseisdirectlypropor-
tionaltothepower”suppliedbytheatomrecombination,whichinturn
isproportionalto thenuniberofatomsrecombiningpersecond.Thus,
thetemperaturerisegivesa measureofthenuniberofatomsrecombining
persecond.If themetalsurfaceisnowpoisonedby somecoating,fewer
oftheatomsstrikingthesurfacewillrecombine;andthetemperature
risewillbe smaller.Hence,thetemperatureriseofa metalspecimen
whencoatedcomparedwiththerisewhenuncoated,fora givensetof
operatingconditions,givesanapproximatemeasureofthepoisoning
effectivenessofthecoating.Thepoisoningeffectivenessesofphosphate
coatingson S-816alloyspecimenswereevaluatedinthisway.

Thespecimenswerehollowcylindersclosedononeend. Theywere
0.375inchlongwithaninsidediameterof0.155inchanda wall.thick-
nessof0.005inch.Foran experiment,thespecimenwasfittedsnugly
overtheclosedendofa glasstubethatwas0.153inchindiameterand
about3 feetlong.An iron-constantanthermocouplewaspressedagainst
theinsideoftheclosedendofthisglasstubeandwasusedtomeasure
thetemperatureriseofthespecimen.Theglasstubewasmountedinan
O-ringslipsealsothatthedistanceofthespecimenfromthedischarge
tubecouldheadjusted(seefig.7).

—
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A seriesof specimensweretestedina hydrogen-atomstreamand
alsoinanoxygen-atomstream(asma13.fractionofOHradicalswasalso
presentbecauseofthewatercontent).Theresultsarepresentedin
tableIII.

Forthefirstthreespecimens,whichwerephosphatedjtheratioof
thetemperaturerisewhencoatedATc to thatwhenuncoatedATu is
aboutthessmeforbothatoms,thatis,about2/3. Apparentlythephos-
phatecoatingdecreasesthetemperatureriseby about1/3. Thevalue
of ATc/~u isalsoshowntobe independentofcoatingthicknessby
thesedata.Hence,thetemperatureloweringcannotbe at~ibutedtoan
insulatingeffect.Also,sincethetemperaturesarelow,theemittance
ofthesurfaceshouldhavelittleinfluence.Consequently,itmaybe
concludedthatthephosphatecoatingreducestheamountofatomrecom-
binationbyabout1/3. Itwasalsofoundthatexposingthephosphate
specimentotheburnerflamefor2 hourshadno effectonthetempera-
tureriseattainedin eithera hydrogen-oroxygen-atomstream.

Thelasttwospecimensinsteadofbeingphosphatewereplacedin
theflsmefor2 hours.Thevalueof ATc/ATuforthesewasonly0.27,
indicatingthatthecoatingformedintheflamehadabouttwicethe
poisoningeffectivenessofthephosphatecoating.Therefore,if surface
poisoningis importantindeterminingthetemperatureofthemetal
specimensplacedintheflameenvironment,theuncoatedS-816specimen
shouldattaina lowertemperaturethanthephosphateS-816specimen.
Buttheresultsintheflsmeenvironmentpresentedinfigure3 showthat
thephosphate-coatedS-816specimenattaineda temperature100°F lower
thantheuncoatedspecimenexposedtotheflame.Hencepoisoning
effectivenessforthehydrogen-oroxygen-atomrecombinationmusthave
Littletodowiththetemperatureloweringintheflame.Therefore,
thisresultalsoindicatesthatthetemperatureloweringmustarise
primari~fromthehighemittanceofthephosphatecoating.

COJ!KLUDINGINMARKS

It hasbeenshownthata phosphatecoatingona metalspecimenex-
posedto a hydrocarbon-flameentionmenteffectsa reductioninthetem-
peratureofthespecimen.Resultsof severaltypesofexperimentsin~
dicatethatthetemperatureloweringresultsfrcnnthehighemittanceof
thephosphatecoating.Theemittanceofthecoatingappearstobe about
1. Sucha coatingmightfindapplicationontheoutsideofcombustor
cansoron otherairplanecomponentswheremaximumheatlossby radiation
isdesirable.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,April24,1956

..-— .—- — .— -—_
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TABLEI. - CHIMICAL

TYPICALCOATINGON

u

ANALYSISOF

S-816ALLOY

Ad
2
P
y
Nv

Element

P

Fe

co

Ni

w

Mo

Cr

Percenta

8.3

8.2

2.0

1.2

4.0

3.0

5.8

aBalanceis oxygeninthe
phosphateradicalsand
waterofhydratio~

. . . . . _. -—__ __. —.Z .-. .—.
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TABLEII.-TIZ@lWfNEWSATIADEDBYD~ SPECIMENS

INI?LAMEENVIRONMENT

surfacecondition Specimen Temperature Total
temperature,differences,emittance

OF OF

PhosphatecoatonS-816alloyb 1645 0

NationalBureauofStandards
coatingA-418onS-816
allofi 1700 55 %.87

Roughenedandpreoxidized
Inconele 1690 45 ‘.94

Roughenedandpreoxidized
Nimonic 8& 1645 0 E!l

%omparedtophosphateS-816alloy.

bCoatingaboutl-roilthick.

cCoatingaboutl-m.ilthick;firedat1875°F. SuppliedbyDr. D. G.
MooreofNationalBureauofStandarti.

dR&O 10.

‘Oxidizedinairfor1/2hourat 2100°F. Surfacesandblastedpriorto
oxidation.

‘Oxidizedinairfor1/2hourat23(K)0F. Surfacesandblastedpriorto
oxidation.

gRef_9. Nimonic80audNimonic75assumedtobehavesimilarly.

.,

.

C4
$’

.
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‘mm
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TABIZIII.- POISONINGEFFECTIVENESSOFDIFF~ SURFACESAS

D~ BY TEME’ERM’URERISEINACTIVATEDGASES

Specimen Gas Temperature TemperatureThicknessof ATc/fscu
typeand risefor risetiter coating,
number cleansurface, coating, roils

mu, Nc ,

% %’

S-816tiOy Moist 327 220 0.5 0.67
(no.1) H2

%816 alloyMoist 378 243 1.1 .65
(no.3) 02

S-816alloyMoist 279 185 .3 .66
(no.8) 02

S-816alloyMoist 292 74 Oxidizedin .25
(no.9) 02 flamefor2 hr

S-816alloyMoist 302 81 Oxidizedin .27
(no.10) H2 flamefor2 hr

-- ——— —— ~ .—. —— ——
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